Background: Although post-treatment changes are almost inevitable, and retention has long been recognized as one of the most critical and routine problems faced by orthodontists, there remains a lack of certainty regarding the parameters of any definitive retention protocol following orthodontic treatment. Objective: To investigate the performance of the Hawley-type retainers. Search methods: Search without restrictions in 15 databases and hand searching until December 2016. Selection criteria: Randomized clinical trials comparing the performance of Hawley-type retainers to other removable appliances or comparing different Hawley-type retainers' wearing schedules. Data collection and analysis: Following study retrieval and selection, data extraction and individual study risk of bias assessment using the Cochrane Risk of Bias Tool took place. The overall quality of the available evidence was assessed with the Grades of Recommendation, Assessment, Development, and Evaluation approach. Results: Finally, 10 studies were identified involving 854 individuals, followed for up to 1 year after debonding. Eight studies compared subjects using Hawley and clear thermoplastic retainers; another compared Hawley to positioner and, finally, one trial involved individuals allocated to different Hawley appliance wearing schedules. Three studies were considered as being of low, four of unclear, and three of high risk of bias. In general, few differences were observed between the Hawley and other removable retainers regarding outcomes relevant to maxillary and mandibular dental arch measurements, dental arch relationships and occlusal contacts, speech evaluation, patient reported outcomes, adverse effects, and problems related to the appliances, as well as economic evaluation related outcomes. Moreover, no differences were observed between the compared Hawley wearing schedules. Overall, the quality of the available evidence was considered low. Conclusions: Given the overall quality of the available evidence and the multitude of parameters, which may have affected the results of the included trials, good practice would suggest further research in the respective field in order to increase both the quantity and quality of information available. Registration: PROSPERO (CRD42015029279) Funding: No funding was received for the present systematic review.
Introduction

Rationale
Orthodontic treatment involves the application of forces, which create а cellular response resulting in tooth movement (1, 2) . Once the teeth have moved, the supporting tissues need to remodel to maintain them in the new position. Other factors affecting teeth position after treatment include occlusal factors, soft tissues, growth, and physiologic dento-alveolar adaptation (1, 2) . All of the abovementioned parameters interact to move teeth back toward their pre-treatment position, a phenomenon that is observed in the vast majority of orthodontic patients (3) (4) (5) (6) . It has been reported that up to 90 per cent of orthodontic patients may have an unacceptable dental alignment 10 years after orthodontic treatment (7) .
As post-treatment changes are almost inevitable, retention has long been recognized as one of the most critical and routine problems faced by orthodontists in treating patients (8) . Various types of retainers are currently used to assist this process, including Hawley-type retainers, clear thermoplastic retainers, and fixed retainers (9) (10) (11) . Nevertheless, there remains a lack of certainty regarding the parameters of any definitive retention protocol in orthodontic treatment. Much of current practices seem to be contradictory regarding the type, daily regimen and total duration of orthodontic retention, indicating the need to develop evidence-based practice guidelines (9) (10) (11) (12) (13) (14) (15) .
Objectives
The objective of the present systematic review was to critically investigate the available data on the performance of Hawley-type retainers and evaluate their quality.
Materials and methods
Protocol and registration
The present review was based on a specific protocol developed and piloted following the guidelines outlined in the PRISMA-P statement (16) and registered in PROSPERO (CRD42015029279). Furthermore, conduct and reporting followed the Cochrane Handbook for Systematic Reviews of Interventions (17) and the PRISMA statement (18) , respectively.
Eligibility criteria
The eligibility criteria were based on the PICOS (Participants, Intervention, Comparison, Outcomes, Study design) acronym. In the present systematic review, Randomized Clinical Trials (RCTs), investigating the performance of Hawley-type appliances during the retention period, were included. Animal studies, non-comparative studies (case reports and case series), systematic reviews and metaanalyses were excluded (Supplementary Table 1 ).
Information sources and search strategy
Overall, 15 databases were searched until December 2016. One author (WJAR) developed detailed search strategies for each database. They were based on the strategy developed for MEDLINE but revised appropriately for each database to take account of the differences in controlled vocabulary and syntax rules (Supplementary Table 2) .
No restriction was placed on the language, date, or status of publication. In addition, efforts to obtain additional or ongoing trials were made and the reference lists of all eligible studies, as well as relevant reviews, were searched.
Study selection
Two authors (WJAR and EGK) assessed the retrieved records for inclusion independently. They were not blinded to the identity of the authors, their institution, or the results of the research. Subsequently, they obtained and assessed, again independently, the full report of records considered by either reviewer to meet the inclusion criteria. Disagreements were resolved by discussion or consultation with the third author (AEA).
Data collection and data items
The same two authors performed data extraction independently and any disagreements were again resolved by discussion or consultation with the third author. Predetermined and pre-piloted data collection forms were used to record the desired information (Supplementary Table 1 ).
Risk of bias in individual studies
Two authors (WJAR and EGK) assessed the risk of bias in individual studies, independently and in duplicate, using The Cochrane Collaboration's Risk of Bias assessment tool for RCTs. Studies were judged as being of low (plausible bias unlikely to seriously alter the results), unclear (bias that raises some doubt about the results) or high risk of bias (bias that seriously weakens confidence in the results) (17) . Any disagreements were resolved by discussion or consultation with the third author (AEA).
Summary measures and synthesis of results
Continuous data were planned to be expressed either in the form of the Weighted Mean Difference or in the form of the Standardized Mean Difference together with the relevant 95 per cent Confidence Interval, in order to enable quantitative synthesis (19) . The random effects method for meta-analysis was to be used to combine data (20, 21) . To identify the presence and extent of between-study heterogeneity, the overlap of the 95 per cent CI for the results of individual studies was to be inspected graphically and the I 2 statistic was to be calculated (17) . Significance (a) was set at 0.05, except for the 0.10 used for the heterogeneity tests (22) .
Risk of bias across studies and additional analyses
If a sufficient number of studies were identified, analyses were planned for 'small-study effects' and publication bias (17) . If deemed possible, exploratory subgroup analyses were planned according to participant and intervention characteristics. In addition, the quality of evidence at the longest follow up available was assessed based on the Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) approach (23) .
Results
Study selection
The flow of records through the reviewing process is shown in Figure 1 . We initially identified 1174 records, but excluded 630 as duplicates, and 516 more on the basis of their title and abstract. Finally, 10 full-text reports were included in the systematic review (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) .
Study characteristics
The characteristics of the studies included in the present systematic review are presented in Tables 1 and 2 . The papers, which were published between 2003 and 2016, randomized in different groups 1024 subjects referred for retention after a full course of orthodontic treatment, and analysed various outcomes in 854 of them that were followed for a maximum period of 1 year after debonding.
Eight of the eligible publications investigated individuals using Hawley appliances or clear thermoplastic retainers (25) (26) (27) (28) (30) (31) (32) (33) . Two of the aforementioned publications comprised part of a larger trial. Another study (24) compared the Hawley appliance to positioner use during the retention period. Finally, one study (29) involved patients allocated to groups using different wearing schedules for Hawley retention appliances. Table 3 presents the summary findings of the risk of bias assessment for the included studies; more details can be found in Supplementary  Table 3 . Three studies were considered as being of low risk of bias (27, 29, 33) , four of unclear (24, 26, 28, 32) , and three (25, 30, 31) of high risk of bias.
Risk of bias within studies
In general, most studies included were considered to present a low risk of bias regarding the domains of random sequence generation and allocation concealment, although some were categorized as unclear because of insufficient information to form a definite judgment. Blinding of the participants, caregivers, and the personnel providing the instructions was not feasible or easily achievable in most cases. However, in the context of the present research design, there was no reason to suggest that bias could be introduced because of absence of blinding in these cases. Moreover, the review authors did not believe that bias could be introduced by the methods described in most studies regarding blinding of outcome assessment. In addition, most studies exhibited low risk of bias due to the observed dropouts, whereas, more than half of them where considered to be at unclear or high risk of reporting bias. Finally, the risk of the included studies of presenting other potential threats to validity was considered unclear in most cases because it was impossible to determine how the subjects' compliance to the recommended retention protocol could have influenced the results, as the relative information was sparse and inadequately reported.
Results of individual studies
The results of the studies included in the present review are presented below. Because of the lack of extensive relevant data, differences in the methodology used and the statistical elaboration of the obtained results, data synthesis was not possible (17) .
Comparison between Hawley and clear thermoplastic retainers
Regarding different dental arch measurements at different followups, Rowland and co-workers (27) showed significantly greater changes in Little's Irregularity Index in the Hawley retainer group than in the subjects wearing the clear thermoplastic retainers at 6 months. At 9 months, a significantly greater proportion of maxillary teeth rotations had relapsed in subjects wearing Hawley retainers (25) . Otherwise, no statistically significant differences were observed (25, 27, 28) (Table 4) .
Overall, there was no statistically significant difference observed in overjet and overbite between the subjects belonging to the two retainer groups at the 6 month evaluation (27) . Regarding posterior occlusal contacts, as assessed by the thickness of silicon bite registrations in maximum intercuspation three months after debonding, few differences were observed (30) (Supplementary Table 4 ).
Evaluation of different aspects of speech revealed no statistically significant differences in the number of sound distortions at 3 months post-debond (33) . In addition, Atik and co-workers (32) showed various effects on the formant frequencies of four sustained vowels [a, e, i, u] and combinations of vowel [a] with consonants in both groups at end of the 3 month evaluation period. However, Voice Onset Time values did not differ between individuals.
Patient self-reported compliance with the instructed wear regimen was not found to differ at 3 months after debonding (30) . However, at the 6 month evaluation, individuals wearing clear retainers were self-reporting to be more compliant with the instructions they received (26) . In the same study, participants in the clear retainer group reported less embarrassment than those wearing the Hawley appliances and a better overall assessment regarding their retainers compared with fixed appliances, but no statistically significant difference in the frequency of wearing the appliance away from home was observed nor in the amount of discomfort felt. Finally, regarding the subjective assessment of occlusion no statistically significant difference was observed at three months post debond (30) (Supplementary Table 5) .
Overall, possible adverse effects related to the retainers were not investigated. Two papers eligible for inclusion in the present thesis gave comparison data on retainer failure (26, 31) . Hichens and co-workers (26) in their 6 month investigation compared the self-reported overall retainer failure of Hawley and clear thermoplastic appliances. Although more participants reported that they had broken their retainers in the first group, no difference was observed in the proportions of patients reporting having lost their appliances. In more long-term study, Sun et al. (31) also compared the failure of retainers as assessed by professionals, separately for the maxillary and the mandibular dental arches. Only in the mandibular dental arch was the proportion of clear retainers presenting with fractures or exhibiting overall failure greater than the proportion in the Hawley retainer group (Supplementary Table 6 ). Moreover, regarding overall survival no statistically significant difference was observed between maxillary (P = 0.254) and mandibular (P = 0.188) Hawley and clear thermoplastic retainers (31) .
Finally, regarding economic evaluation, based on the fact that Little's Irregularity Index was statistically significantly greater in the Patients were asked to wear the retainer full time for the first 3 months, followed by 6 months nighttime wear only. Group 2: Clear thermoplastic retainers: Vacuum-formed retainer made from Essix type C thermoplastic copolyester material (Raintree Essix Inc., OrthoCare (UK)) with a 0.5 mm thickness after being thermoformed, full-arch tooth coverage and the edges extended about 2-3 mm into labial gingival.
Patients were asked to wear the retainer full-time for one week, followed by evening and night-wear for three months and 6 months for night time wear only.
Rotations of the upper teeth (labial segment and premolars) were measured using a protractor on patients' casts at the end of the follow up period (9 months). Rotations were either scored as present (i.e. teeth that were rotated 15° or more from normal arch alignment) or absent. For the upper central incisors especially with V shaped arch, they were considered rotated disto-palatally if the angle between them was less than 90°.
A priori sample calculation: The intra and inter-examiner agreement analysed using Kappa statistics showed very good agreement of intra-examiner (k = 0.82) and moderate agreement of inter-examiner (k = 0.47). Most of the disagreement involved the upper labial segment, which can be difficult to assess due to the shape of their arch form. The disagreements were discussed and a standardized protocol agreed upon. Little's Irregularity Index: The sum of the distances between the anatomic contact points from the mesial of the left canine to the mesial of the right canine in each labial segment Incisor crowding: The difference between the sum, in mm, of the canine-tocanine tooth widths and the space in the labial segment from canine to canine. The available space in the labial segment was measured by dividing the labial segment into two straight-line segments, extending from the distal contact point of the canine on each side to the midpoint between the central incisors.
Measurements on study casts taken at debonding and 12 months after.
A priori sample calculation: Power of 90% to detect a clinically significant difference of 2 mm in labial segment alignment, assuming that the common standard deviation is 2 mm using a two-group t-test with a 0.05, twosided significance level. Hawley group than in the group using thermoplastic retainers, the latter were considered more cost-effective from the perspectives of the United Kingdom National Health Service, the orthodontic practice and the individual, although for the last comparison the evidence was deemed to be weak (26, 27) .
Comparison between Hawley and positioners
Only one study (24) compared the effects between Hawley retainers and positioners. They investigated the Plaque Index (PI), Gingival Index, and Probing Depth up to 3 months. Only the PI was observed to be statistically higher in the positioner group compared to the Hawley group.
Comparison of different wearing schedules of Hawley retainers
Shawesh and co-workers (29) compared full-time wear (6 months for 24 hours per day followed by 6 months night-only) with parttime (1 year night-only) wear of Hawley retainers. No statistically significant differences were observed between the two retention regimens regarding maxillary and mandibular Little's Irregularity Index or labial segment crowding. (27) Inclusion criteria: Fixed appliance treatment involving both arches; pre-adjusted edgewise appliances; pretreatment records, treatment plan, and study models available; willing to wear maxillary and mandibular retainers. Exclusion criteria: Single-arch or sectional fixed appliance treatment, hypodontia requiring tooth replacement on the retainer as a temporary measure, rapid maxillary expansion, bonded retainers, poor periodontal status, early debonding, transfer patients, learning difficulties, or cleft lip or palate. Inclusion criteria: 10-16 years of age, labial segment crowding or tooth contact point displacement at the start of orthodontic treatment, clinically acceptable labial segment alignment at the end of active treatment, and good oral hygiene. Exclusion criteria: Lack of consent, severe rotations or midline diastema suggesting the need for a bonded retainer, and patients with a restorative need in the labial segment, e.g. implant, bridges, or missing teeth. 
Risk of bias across studies and additional analyses
It was not possible to conduct analyses for 'small-study effects', publication bias or subgroup analyses.
Overall, regarding the comparison between Hawley and clear thermoplastic retainers, the quality of available evidence for the mandibular and maxillary Little's Irregularity Index was considered as low, whereas for patient reported outcomes and retainer failure as very low (Supplementary Table 7 ). For the other variables, the quality of evidence was assessed at best as low (Supplementary Tables 8-10 ). 
Discussion
Summary of evidence
It is generally advised that almost all orthodontic patients should be provided with some type of retainers (11, 34) . Removable retainers, in particular, are often used, despite reservations about poor compliance, especially in adolescents (35) . However, there are, as yet, no definite indications for choosing the optimal period of retention, or the type of retainer (6, 34) and general protocols for ideal orthodontic retention practices still remain undetermined (14) . From the initially identified records, 10 full-text randomized controlled trials investigating the performance of Hawley-type retainers were included in this systematic review, reflecting the scarcity of relevant research at the top of a widely accepted hierarchy of scientific evidence. Considerable research has been done in trials that were not randomized, despite the generally accepted fact that well-designed and properly executed RCTs provide the best evidence on the efficacy of health care interventions (36, 37) . The consequent lack of extensive data of high evidence based potential is rather surprising bearing in mind post-treatment changes may occur in a significant proportion of the orthodontically treated population (7) and that a high percentage of orthodontists consider them as constituting an important area requiring guidelines (11) . Thus, proper retention guidelines should be developed based on a well-established, firm scientific base (6, 11) , in order to support and consolidate the care provided.
Eight of the eligible publications investigated individuals using Hawley or clear thermoplastic retainers. In general, no statistically significant differences were observed regarding maxillary and mandibular dental arch measurements at different follow-ups (25, 27, 28) . However, subjects wearing Hawley retainers had significantly greater proportion of maxillary teeth rotation (25) and significantly greater changes in Little's irregularity index (27) . Moreover, no statistically significant differences were observed in overjet and overbite measurements (27) , and almost no differences regarding occlusal contacts (30) .
Evaluation of different aspects of speech did not reveal clear-cut differences between the two groups (33, 32) . Patient self-reported compliance was observed to be greater in the clear retainer group. However, there was no statistically significant difference in the frequency of wearing the appliance away from home, the amount of discomfort felt (26) , or the subjective assessment of occlusion (30) .
In addition, the proportion of broken retainers was greater for mandibular clear retainers (31) . Finally, regarding economic evaluation, clear thermoplastic retainers were considered more cost-effective from the perspectives of the health system, the orthodontic practice and the individual patient (26) . Almost no differences were observed in the comparison between Hawley retainers and positioners (24) , or in the comparison of different wearing schedules of Hawley retention appliances (29) .
In general, the quality of evidence (confidence in the observed estimates) assessed with the GRADE approach (23) was considered at best as low, indicating caution regarding the strength of the relevant recommendations for clinical practice.
Strengths and limitations
The strengths of the present review include using a methodology following well-established guidelines and the fact that it focused exclusively on randomized controlled trials, as it is widely accepted that well-designed and properly executed RCTs provide the best evidence, with decreased risk of bias, on the efficacy of health care interventions (36, 37) . Moreover, the search strategy employed in the present review was exhaustive, covering electronic, manual, and grey literature material up to December 2016. In addition the search was comprehensive including every available randomized trial, irrespective of language, date and status of publication; an approach that led to the retrieval of more relevant information compared to a recent systematic review (38) . Every effort to decrease bias in the methodology employed was made. Screening, verification of eligibility, abstraction of information, assessment of risk of bias and of the quality of evidence were performed in duplicate, and any disagreement was resolved by discussion or consultation with the thesis cosupervisor until a final consensus was achieved.
There are also some limitations to the present review, arising mainly from the nature and the characteristics of the data retrieved during the review process, which resulted in the assessment of the level of available evidence as, at best, low. The scarcity of relevant high quality hierarchically evidence based information from RCTs, precluded meta-analytic procedures for all outcomes. Another limitation of the data retrieved in this study stems from the small number of patients analysed resulting in problems regarding the precision of the effect estimates. Also the data on adverse effects and problems related to the employed appliances were very sparse. In addition, the results obtained were derived from specific populations, appliances, and retention protocols, thus curtailing the generalizability of the retrieved information to other clinical settings or situations. Hence even this limited set of data cannot be applied with certainty in clinical settings characterized by a different patient mix or variable type and frequency of retention modalities. Finally, the generalizability of the data found is limited by two additional factors. Firstly, the lack of long-term data. Investigations up to now have been relatively short term in nature and show there is little difference between various retention protocols. It is unclear, however, which retention strategy is most effective in the long term. 'What retainer(s) and for how long should I use them?' are questions yet to be answered based on methodologically rigorous randomized clinical trials (39) . Patients who spent months or years in treatment and the orthodontist who provided it, would be very much interested in having an insight into the effectiveness of various retention approaches over periods exceeding the 1 year forming the longest follow up of patients in the studies included in the present systematic review. Secondly, as one of the most important factors in retention is patient co-operation, it would be useful to have more details on patients' compliance. Current data on this topic from studies where compliance was assessed as objectively as possible suggest that patients tend to wear their retainers less than the prescribed daily schedule (35, (40) (41) (42) (43) (44) .
Recommendations for future research
As the overall quality of the relevant available evidence was considered low, and appropriate guidelines and protocols for ideal orthodontic retention practice are still not determined (14) , further research is recommended. Proper retention guidelines should be developed based on a well-established, firm scientific base (6, 11) .
Well-designed and properly executed RCTs provide the best evidence with decreased risk of bias on the efficacy of health care interventions (36, 37) . In addition, there is a need to determine which approach is most effective in the long term through adequate followup periods. Retention studies are not easy to undertake, as longterm follow-up of participants is difficult in practice and financially demanding. However, given that the vast majority of people requiring orthodontic treatment undergo a phase of retention, this vital area of orthodontic research should be given priority.
Furthermore, as the evidence-based data up to the present have involved specific appliance protocols used in a particular populations, future research should also be directed to alternative protocols, as well as, different populations according to type of malocclusion, age, and growth pattern, so as better understanding of the different aspects of retention can be achieved. In addition, every effort should be made to increase the number of patients analysed in such studies. Increasing the number of patients analysed will increase the precision of effect estimates (45) .
Finally, future studies including objective assessment of patients' compliance with retainer wearing, and correlating patients' compliance with tooth stabilization could be important. Such studies could provide an answer regarding the 'optimal' wear time for maintaining the final orthodontic outcome, so that treatment protocols could be readjusted accordingly and support in a more meaningful way the care provided.
Conclusions
Based on the findings of the present systematic review, conducted following well-established guidelines, few differences were observed in the performance of Hawley appliances compared to other removable retainers, in patients followed for a period up to one year after debonding. Greater changes in Little's Irregularity Index and greater proportion of maxillary anterior teeth rotation were observed with Hawley retainers. Patient self-reported compliance with the instructed wear regimen was greater and embarrassment in wearing the retainer was less in the clear retainer group. Although, mandibular clear thermoplastic retainers seem to exhibit failure more often they are considered more cost-effective. Moreover, no differences were found between different appliance wearing schedules and protocols. Given the overall quality of the available evidence, the short-term follow-up and the multitude of parameters, which may have affected the results of the included trials, good practice would suggest further research in the respective field to seriously augment the body of high quality information.
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